Health behavior interventions may have different effects when targeting individuals at different stages of change. A 'motivation' stage, during which intentions are formed, has been distinguished from a 'volition' stage, implying that the latter requires self-regulatory effort in implementing and maintaining behavior. To test this stage assumption, an action control intervention (self-monitoring tool for dental flossing) matched to the volition stage and mismatched to the motivation stage was provided to 151 university students, with follow-up measures of action control and flossing after 2 and 6 weeks. Separate regression analyses for motivational and volitional participants indicated that only volitional participants benefited from the volitional intervention. This supports the usefulness of stage assumptions and the advantage of tailoring interventions to participants who reside either in the motivational or in the volitional stage.
Introduction
A major aim of health education is to provide evidence-based information and tools for maintaining or improving health and to promote individual health behavior change. Evidence from recent research suggests that informing and motivating people is a necessary, but not sufficient condition for behavior change [1] . Despite being informed and intending to act healthily, many people fail to conduct and maintain health behaviors, suggesting that taking an informed decision to act and translating this intention into practice are two distinct processes [2] .
This gap between intention and behavior is particularly pronounced in repetitive everyday selfcare behaviors such as oral hygiene. Dental flossing, for example, is an indispensable supplement to tooth brushing in order to prevent oral diseases such as gingivitis, periodontal disease and interdental caries [3] . Oral diseases not only impair quality of life [4] but also establish risk factors for cardiovascular disease [5] . The American Dental Association (ADA) and the British Dental Association (BDA), therefore, recommend interdental flossing as part of the daily oral care routine [6, 7] . However, prevalence of dental flossing is low [8] .
Previous research using social cognitive theories of behavior has shown that motivational factors, such as behavioral intentions and self-efficacy, are predictive of dental flossing [9] . There is also evidence that most of the variance in behavior is unaccounted for by motivational factors, and, more important, that interventions based on social cognition models fail to result in sustainable effects on behavior. For example, an intervention study based on social cognitive theory [10] found limited support for the efficacy of theory-based interventions. Experimental groups outperformed controls during treatment periods, but flossing rates approximated baseline soon after the intervention ceased.
In summary, this line of research suggests that translating good intentions into oral self-care behavior may cause volitional problems not addressed in social cognitive theories of behavior.
Stage theories of health behavior change
Stage theories offer a framework for understanding and modifying behavior change taking different motivational and volitional states into account. They assume that individuals move through qualitatively different stages during the process of behavior change [11] [12] [13] . Among the defining criteria for stage theories, Weinstein et al. [14] note (i) common barriers toward change for individuals in the same stage and (ii) different barriers toward change for individuals at different stages. This allows matching psychological interventions to stages by addressing stage-specific psychosocial factors and stage-specific barriers. Treatments mismatched to a person's stage might cause reactance, disappointment and dropout. Tailoring interventions to specific stages may prevent from such negative effects.
Despite differences in numbers of stages and processes relevant for stage progressions, stage theories such as the Transtheoretical Model (TTM) [11] , the Precaution Adoption Process Model [13] and the Health Action Process Approach [12] distinguish between persons who have not yet decided to change their behavior (predecisional or motivational stage) and those who have decided to change or who have already implemented the changes and perform the target behavior (post-decisional or volitional stage [2, 14, 15] ). In the motivational stage, cognitions about the target behavior, such as outcome expectancies and self-efficacy, characterize a deliberative decision process. This deliberation process cumulates in forming intentions, and individuals commit themselves to a certain behavior. Immediately after intentions are formed, a person's focus and mindset shift from motivation to volition, to the initiation and maintenance of behavior. Here, volitional processes, such as action control [16] [17] [18] , help translate intentions into action.
According to stage assumptions, participants can be classified as being motivational when they have not yet formed behavioral intentions and as being volitional after they have committed themselves to behavior change.
Validity of stage theories
The empirical evidence for stage theories, especially the TTM, is poor. After decades of research, there is no clear evidence that stage-matched interventions based on the TTM are more effective than others, or indeed effective at all [19] [20] [21] [22] [23] [24] . A systematic review on TTM-based interventions [19] accordingly found only scarce support for stage-matched interventions and finer differentiations of the volitional stage.
Successful applications of stage-matched interventions have been built upon the broader discrimination of a motivational and volitional stage, rather than using finer stage differentiations, especially in the TTM [25] . For example, in a study on home radon testing [26] , a motivational intervention (risk communication), a volitional intervention (information on easily available protection measures) and a combination of both were randomly delivered to participants in the motivational and the volitional stages. The combination intervention was most effective in both groups. However, participants in the volitional groups equally benefited from the volitional intervention, thus supporting the idea of stage-matched interventions.
The motivation-volition distinction is also supported by research on planning (implementation intentions). Forming definite plans on when, where and how to act leads to medium-to-large effects on goal attainment only if individuals have previously formed a goal intention [15] . Thus, the present study examines stage-specific intervention effects focusing on volitional action control [17, 18] .
Action control
Similar to planning (implementation intentions) [27, 28] , action control touches upon the volitional phase of health behavior regulation, after people have decided to engage in a specific activity. While planning is a prospective ex situ strategy, that is, B. Schüz et al.
behavioral plans are made before the situation specified in the plan is encountered [29] , action control is an in situ self-regulatory strategy, where actual behavior on the scene is evaluated with regard to a self-set behavioral standard [30] . Differences between actual behavior (e.g. flossing frequency) and the self-set standard (e.g. flossing daily) lead to compensatory action (increased flossing frequency) to reduce these discrepancies. This idea is based on negative feedback loops [16, 31] derived from cybernetic (feedback-based) regulation models [31] .
Previous research has shown that action control, comprising the facets 'self-monitoring', 'awareness of standards' and 'self-regulatory effort', can be understood as a proximal predictor of behavior, mediating the effects of intentions and planning [28] . Although these facets represent conceptually distinct actions during the process of self-regulation, they are effective only complementarily, and they can therefore be seen as indicators of one construct [18, 28] . As self-regulation based on feedback loops depends on reference values (standards), it is hypothesized to be only effective in individuals who have set themselves standards in terms of intentions (i.e. volitional individuals). Interventions targeted at increasing action control have been based on enhancing self-control capacities by providing self-monitoring tools [30, 32] . In this study, a dental flossing calendar was developed to increase self-regulation based on negative feedback loops.
Aims of the study
The present study does not intend to evaluate a program or to demonstrate that a treatment group outperforms a control group. Instead, it investigates stage-specific effects of an action control intervention, that is, whether the generally administered treatment operates better in a specific sub-group. In particular, it is hypothesized that (i) the action control intervention (dental flossing calendar) leads to higher action control levels at Time 2, thus indicating volitional effects; (ii) the action control intervention does not increase behavioral intentions, thus indicating no motivational effects and (iii) action control facilitates flossing behavior in volitional individuals only (stage-matched condition), thus indicating qualitative differences between behavioral stages.
These hypotheses were examined in a study with three measurement points in time over a 6-week period.
Methods

Participants and procedure
During the term, 258 undergraduate psychology and educational science students were invited to participate in the study, of which 252 (97.67%) agreed and filled in questionnaires assessing behavioral stage, flossing intention and baseline measures of flossing and action control. All participants received sample boxes of dental floss (5 m) and were shown slides with flossing instructions based on the recommendations of the ADA [6] . The action control intervention was based on a self-monitoring tool (dental calendar). Self-monitoring is a crucial part of volitional self-regulation [17, 18] , triggering the comparison between intended and actual behavior. Time 2 questionnaires were sent 2 weeks later with another sample of dental floss and a stamped return envelope. Participants were asked to return the questionnaire together with the leftover (residual) dental floss in order to confirm self-reports of behavior. Time 3 questionnaires were sent with stamped return envelopes 4 weeks after Time 2.
Data were available at all three measurement points for 157 participants (62.3% of the original sample). Stage assessments were available from 151 persons. The remaining six participants, therefore, were excluded from further analyses. To check for systematic dropout, a multivariate analysis of variance was conducted. No differences were found in intentions, action control and flossing between those participants who completed all questionnaires and those who only completed the first one, suggesting that the final longitudinal sample was representative of the initial sample [F (3,254) = 1.15, n.s.]. Those persons who completed all Stage-specific effects of a self-regulation intervention questionnaires were classified as being volitional significantly more often than those who had only completed the first questionnaire (v 2 = 5.57, df = 1, P = 0.02). Participants comprised 122 women and 29 men. Mean age was 25.15 years (SD = 6.99).
Action control intervention
A dental calendar was designed to enhance action control processes. The calendar comprised a cardboard sheet with three rows representing the weeks and seven columns representing the days. Participants were instructed to deposit the calendar in their bathroom and tick everyday they flossed their teeth for the next 2 weeks. Self-monitoring tools such as calendars have been found effective in enhancing self-regulation via action control [30, 32, 33] .
Measures
In the Time 1 questionnaire, the baseline for the dependent variable (flossing) was assessed with the items 'How often did you use dental floss during the last week?' and 'If you do not use dental floss on a weekly basis, how often did you use dental floss during the last month?' In the Time 2 and Time 3 questionnaires, flossing was assessed with the questions 'How often did you use dental floss during the first (last) of the last two weeks', or 'How often did you use dental floss during the first (second, third, last) of the last four weeks?' The validity of Time 2 self-reported behavior was examined by correlating it with the residual dental floss available from n = 95 participants (r = 0.69, P < 0.01). The dependent variable for the longitudinal analysis, Time 3 flossing, was the sum of the responses to the flossing behavior items in the last questionnaire.
Behavioral stages
Participants were classified into the motivational and volitional stages using a staging instrument approximately based on Weinstein et al. [26] . After the question 'What do you think about using dental floss?' participants were asked to tick one of the following statements: (i) 'I know what to use dental floss for', (ii) 'I have thought about using dental floss before', (iii) 'I have resolved to floss my teeth', (iv) 'I have already used dental floss', (v) 'Currently, I am using dental floss', (vi) 'I am flossing as often as I intend to' and (vii) 'Flossing is habitual to me and requires no effort at all'. According to the stage assumptions outlined above, participants choosing Items 3-6 and beyond were classified as being volitional, all others were classified as being motivational. (In order to examine the discriminant validity of the stage construct and intentions, non-parametric correlations were examined. A correlation of s = 0.42 (Kendall's s; P < 0.01) indicates that only 18% of intention variance is being accounted for by stages. Thus, sufficient discriminant validity of the stage construct can be assumed.)
Items for intention and action control were all assessed on four-point rating scales ranging from 'totally disagree' (1), 'disagree' (2), 'agree' (3) to 'totally agree' (4), and scale scores were obtained by averaging item responses.
'Intention' (a = 0.87) was assessed in the Time 1 questionnaire by three items based on Rise et al. 
Analytical procedure
Repeated-measures analyses of variance (ANOVAs) with action control as the dependent variable were conducted to examine the effect of the action control intervention. After that, residualized change scores from regressing action control Time 2 onto action control Time 1 were obtained as indicators of the individual change during the intervention on action control.
In order to detect different effects of change in action control for motivational and volitional participants, Time 3 flossing behavior was regressed separately for motivational and volitional participants on Time 1 flossing, intentions and change in action control, according to Baron and Kenny [34] , who recommended to analyze multiple group models for categorical moderators.
Results
Scale reliabilities were very satisfactory (see Table I ). All study variables were intercorrelated, indicating that the data set is suitable for multiple regression analysis.
Missing values
Missing values (<5% on all variables) were imputed using the expectation maximization (EM) algorithm [35] in SPSS 12. Deleting cases with missing values would only be appropriate if data were missing completely at random [36] . EM estimation has been recommended to estimate data missing at random and has proved more robust than regression imputation [37] .
Motivational and volitional participants
From the longitudinal sample, 47 participants (32 women and 15 men) were classified as being motivational and 104 (90 women and 14 men) were classified as being volitional. Significant differences between motivational and volitional participants were found on all variables (see Table II This indicates that the intervention had volitional effects (increasing action control), but had no motivational effects (no increase in intentions) (see Fig. 1 ).
Action control and the prediction of behavior
The main hypothesis was that there are stage-specific effects of changes in action control. Intervention effects on action control were hypothesized to be beneficial for volitional participants only. According to Baron and Kenny [34] , these differences were examined by running hierarchical linear regression analyses separately for motivational and Stage-specific effects of a self-regulation intervention volitional participants. Time 3 dental flossing was regressed onto baseline flossing in the first step in order to predict behavior change. Intentions were entered in the second step. In the last step, the residualized change score of action control as indicator of individual effects of the intervention [38] was entered. This residualized change score was obtained by regressing Time 2 action control onto Time 1 action control (adjusted R 2 = 0.35, b = 0.60, P < 0.001).
In the first step, baseline behavior obtained significant b values in both groups, b = 0.54, P < 0.01 for motivational and b = 0.50, P < 0.01 for volitional participants. Both equations were significant [motivational: F (1,46) = 18.37, P < 0.01, R 2 = 0.29; volitional: F (1,103) = 34.07, P < 0.01, R 2 = 0.25]. Intentions in the second step obtained a significant b only in the motivational group (b = 0.30, P < 0.01). In the volitional group, the b value was not significant (b = 0.17, n.s.). The increase in variance explained was significant in the motivational group only [F (1,45) = 5.22, P = 0.03, DR 2 = 0.08; volitional: F (1,102) = 2.42, n.s., DR 2 = 0.02]. This suggests that motivation (level of intention) is a significant predictor of behavior change in motivational participants only.
In the third step, the residualized change score of action control was entered as indicator of individual changes in action control. A highly significant b was obtained in the volitional group (b = 0.29, P < 0.01), but not in the motivational group (b = 0.11, n.s.). The increase in variance explained was significant in the volitional group only [F (1,101) = 12.32, P < 0.01, DR 2 = 0.08; motivational: F (1,44) = 0.85, n.s., DR 2 = 0.01]. Thus, change in flossing can be predicted by intentions in motivational participants and by action control changes in volitional participants. These findings demonstrate that motivation can predict behavior change only in motivational participants. Volitional processes, indicated by changes in action control, in turn predict behavioral change in volitional persons only (see Table III ).
These findings confirm the main hypothesis, namely, that there are qualitative differences in behavioral self-regulation between motivational and volitional stages of behavior change.
Discussion
This study aimed at testing qualitative differences between the motivational and volitional stage of health behavior change. We examined the key assumption of stage models that different barriers toward change in each stage require different selfregulatory processes. The self-monitoring intervention in this study aimed at increasing action control, a strategy to control the execution of intended behavior. Thus, it is matched to the volitional and mismatched to the motivational stage of health behavior change. Volitional constructs, such as action control, are important means to test stage models of behavior change, as previous research has mainly focused on motivational variables [39] .
Effects of the action control intervention
The intervention was associated with increases in action control in all participants, regardless of behavioral stage, indicated by a non-significant Time 3 Stage interaction. No increases in intentions were found. However, there were significantly higher levels of action control in volitional participants at all measurement points. This is in line with the assumption that action control based on self-monitoring, awareness of standards and selfregulatory efforts is a relevant strategy for individuals in the volitional stage only. Stage-specific effects of a self-regulation intervention
Stage-specific effects of increases in action control
In order to examine stage-specific effects of action control, hierarchical regression analyses were conducted separately for motivational and volitional participants. Change in action control was predictive of changes in dental flossing in volitional participants only; intentions were not a significant predictor of behavior change in this group. Change in action control to the equation increased R 2 significantly from 27 to 35%, indicating an effect size of DR 2 = 0.08. This indicates that only volitional participants benefited from the increment in action control. In this group, increase in action control predicted flossing over and above the flossing baseline and intentions. Therefore, qualitative differences between the motivational and volitional stage can be assumed, at least in terms of the impact of intentions and action control on dental hygiene behavior.
This result is in line with theory, as it suggests that only individuals who intend to act benefit from self-regulatory efforts. Another important finding is that parsimonious self-monitoring interventions, such as dental calendars, may bring forth notable effects if given to persons in the volitional stage.
Selective dropout
This study faces a minor problem of selective dropout. More volitional participants remained in the study. The fact that, in such studies, more participants in the mismatched groups (here: motivational participants) drop out is a problem commonly found in longitudinal intervention studies [40] . There were, however, no significant differences in flossing, intentions and action control between the Time 1 sample and the longitudinal sample, which indicates that the longitudinal sample was representative for the initial sample in terms of these variables.
Limitations
There are some limitations to the present study. First, there was no control group of persons who did not receive the intervention. Therefore, residualized change scores were computed to indicate the individual effects of the self-monitoring calendar. This approach differs from usual practice in the evaluation of theory-based interventions of conducting mediation analyses with changes in the manipulated variable as a covariate [38] . However, as the primary goal of the present research was to identify qualitative differences between stages of behavior change, the focus was less on evaluating the effects of the intervention in comparison with a control group, but rather on identifying stagespecific effects. Second, the time interval may have been too short to examine long-lasting effects of the action control intervention. Third, a student sample limited in size (n = 151) cannot be considered representative, as health behavior is generally more favorable in people with higher education than in the general population [41] . But as the aim of this study was to test the validity of stages of behavior change, rather than to implement an intervention for health promotion, this problem may be less pertinent. Fourth, behavioral self-reports are evaluated as behavioral outcomes. Given the strong correlation (r = 0.69, P < 0.01) of self-reported flossing and residual floss at Time 2, however, sufficient validity of self-reported behavior may be assumed.
Implications and conclusions
The findings from this study are important in several ways. Changes in action control enhance flossing behavior in volitional participants. These changes, intentions and behavioral stage at Time 1 are predictors of Time 3 flossing. This allows designing effective interventions tailored to motivational and volitional individuals. Although tailoring interventions to stages is faced with several problems, such as validity of staging algorithms or oversimplification of complex behavior change processes [22] , it promises parsimonious interventions that are less likely to evoke reactance due to mismatched information. In the field of interdental hygiene, a motivational intervention could, for example, communicate risk information, provide participants with knowledge about oral diseases, increase positive and decrease negative expectations about the outcomes of interdental hygiene, move away barriers and foster perceived motivational self-efficacy. In contrast, a volitional intervention could focus not only on action control but also on action planning, coping planning and volitional self-efficacy beliefs [42] .
The finding that tailoring an intervention produces stage-specific effects encourages the employment of a full matched/mismatched research design, where the effects of a motivational intervention may be tested against the effects of a volitional intervention at both stages. The results of this study support the idea of two qualitatively different stages in the process of health behavior change, namely, a motivational stage and a volitional stage. The stage-specific effects of action control encourage designing evidence-based targeted interventions, for example, aiming at the formation of intentions in motivational individuals and at self-regulatory competence in volitional ones.
